The concept of citation indexing has become deeply involved in many parts of research itself and the broad environment in which research plays an integral role, ranging from research evaluation, numerous indicators, to an increasingly wider range of scientific disciplines. In this article, we pay tribute to Eugene Garfield and present a scientometric review of the intellectual assets that he brought to us. In addition, we explore the intellectual landscape that has subsequently evolved in connection to many of his ideas. We illustrate what systematic reviews of the scientific literature may reveal and what we may learn from the rich information conveyed through citation-induced patterns. The study is conducted with CiteSpace, one of many science mapping tools based on data from the Web of Science and Scopus. Without Garfield's inventions, none of these would be possible.
Introduction
The idea of citation indexing was originally proposed by Eugene Garfield to provide an alternative to information retrieval. When we search for relevant documents, the most straightforward strategy is to find documents that share enough similarities to our need by matching vocabularies used between these documents and a description of our need, typically, through a search query. A well-known problem is called the vocabulary mismatch in that documents can be highly relevant even if they do not share a common vocabulary. For example, if we are interested in research on scientific uncertainty, studies on how scientific consensus is reached are likely to be relevant. However, it may be hard for us to think of alternative query terms such as consensus when we concentrate on uncertainties, which would be more likely to be related to a lack of consensus. Incrementally expanding a query with semantically similar words is relatively easy. In contrast, it is much harder to think of words that may not appear to be semantically related to our original search query. In situations such as this, what could be useful would be an intellectual bridge that connects two vocabularies or more generically two entities without apparent connections. Citation indexing is one mechanism that can serve the role of such an intellectual bridge.
In a scientific publication, authors may refer to previously published articles in their text explicitly. Such explicit references are the basis of citation indexing. The primary assumption of citation indexing is that citations reflect some underlying relevance between the citing article and the cited article. The citing article is also known as the source article, whereas the cited article is known as the target article, or more commonly, the cited reference.
The basic assumption of citation analysis, or any citation-based studies, is that citations, their structural and dynamic patterns and trends, reveal something useful. Many scholars have evidently adopted the assumption or at least the spirit of it and conduct various analyses based on information and insights drawn from citations in scholarly publications. On the other hand, citation analysis has been criticized. The one that appears to have the most convincing argument is that one may never know what motivates an author makes one particular citation. Some may argue authors themselves do not necessarily know what they are doing. For example, authors may cite references they have never read, which would become evident if authors repeat even some of the same peculiar errors in how they cite references. Other criticisms include that authors tend to cite review papers more than original research articles. If we use citations to guide our search for relevant documents, the majority of these criticisms do not seem to create too much of disagreements. However, many of these criticism can be easily activated when citations are used directly or indirectly as a source of quantitative measures of intellectual merits, scholarly impacts, or other types of indicators. Does an indicator measure what it is intended to measure? How should we handle situations in which different indicators lead to conflicting or contradicting results? Many of these questions are reaching an increasingly wide range of scientific disciplines and professions. Some of them have been addressed by researchers in relevant fields for many years. Some are recently emerged and remain to be open-ended questions. Many areas of research are connected to these questions at various levels of abstraction. What they do have in common is that they are all connected in one way or another to the concept of citation.
In this article, we aim to present a systematic scientometric review of the relevant scientific literature based on two sets of publications: (A) a set of 1558 publications authored or co-authored by Eugene Garfield and (B) a set of 5054 publications that cite the set A. Set A represents Garfield's original publications, whereas Set B represents the impact of Set A through citation indexing.
Related work
Garfield's scholarly impact has been a subject of study for a long time. Bensman (2007) , for example, presents a historical review of Garfield and the impact factor. Leydesdorff (2010) visualized animated Garfield's oeuvre using title words, co-authors, and journal names.
Recent tributes to Garfield are made by Small (2017) and by van Raan and Wouters (2017), a Reference Publication Year Spectroscopy (RPYS) of Garfield's publications by Bornmann et al. (in press ), a keyword co-occurrence analysis of the context of citations referencing Garfield's publications by Bornmann et al. (in press) .
In this article, we present a scientometric review of Garfield's own publications and his scholarly impact in terms of publications that cited Garfield's publications. We use CiteSpace to generate a variety of visualizations, including dual-map overlays, alluvial flow visualizations, word-tree visualizations, and timeline visualizations (Chen 2004 (Chen , 2006 (Chen , 2017 Chen et al. 2010 Chen et al. , 2012 . We also demonstrate the visual exploration of a research theme by repeatedly applying the same visual analytic procedure at increasingly finer levels of granularity.
Method
In this article, we present the analysis of two sets of publications, sets S A and S B , where S A consists of 1558 publications authored or co-authored by Eugene Garfield and S B consists of 5054 publications that cite S A . S B consists of citation records from two sources, namely, the Web of Science and Scopus. Discrepancies in cited references between the two sources are resolved and standardized through a new method. Each of the publication sets is analyzed in terms of (1) a dual-map overlay visualization for distributions of source and target journals at the level of subject categories, (2) a word-tree of a hierarchical organization of author keywords, (3) a co-citation network in a cluster-view visualization, and (4) a timeline visualization of the evolution of specialties involved. In addition, an alluvial flow of major keywords is presented for S B .
Data collection and preprocessing S A : 1558 source publications
Garfield's ResearcherID is A-1009-2008.
According to Garfield's ResearcherID, 1 there are 1538 publications authored or coauthored by Eugene Garfield. The 1558 records of publications in S A is used in a recently published study by Lutz Bornmann and his colleagues. Bornmann et al. (in press ) analyzed Garfield's 1558 publications using their Reference Publication Year Spectroscopy (RPYS) tool.
S B : 5054 source publications
The second set of publications S B consists of 5054 publications that cite at least one publication authored or co-authored by Garfield in S A . Records are first retrieved from the Web of Science and Scopus and they are merged through a new process of integrating citation records from different sources.
We used Garfield's ResearcherID to retrieve records in the Web of Science and obtained 944 records. The difference between the 944 records and the 1558 records in S A is due to the coverage of our institutional subscription of the Web of Science, starting from 1980. Searching with an institutional coverage of earlier years would find more records. Using the Related Records function in the Web of Science, we retrieved 3596 records, which form a superset of publications that cite S A . We searched Garfield's publications in Scopus by author name and found 233 records. The fewer number of Garfield's publications in Scopus is primarily due to the relatively shorter coverage of Scopus. The 233 publications are in turn cited by 2615 publications in Scopus.
The search results from the Web of Science and Scopus are integrated in two steps. First, the source articles are merged based on composite keys. Given a record, its composite key consists of the first author's last name, the first letter of the first name, the year of publication, the volume number, and the first page. This design is based on several reasons. Unique identifiers from each data source cannot be used to match records from a difference source. DOIs are not always available. In contrast, information for a composite key is always available. If two records share the same composite key, then it is almost certain that they refer to the same publication, especially for journal articles and conference proceedings.
If the same publication has corresponding records in both the Web of Science and Scopus, the Web of Science record is selected in order to maximize the consistency for the longer period of coverage from the Web of Science than Scopus. Unlike the Web of Science, Scopus retains the title of a cited reference, which can be utilized in an enriched citation analysis. The article-merge step generated 5054 records, including 3366 (94%) from the Web of Science and 1688 (65%) from Scopus. There were 915 overlapping records retrieved from both sources.
The second step of the integration of records from the Web of Science and Scopus is to recognize cited references that should be merged and standardized. Even within the same source, the same reference may have multiple variants. Take the highly cited paper that introduces the h-index as an example. The paper was authored by Hirsch and published in 2005 in Proceedings of the National Academy of Sciences of the United States of America Table 2 ). These variants need to be resolved and consolidated to a standardized form. The standardized form should reduce or eliminate the number of fields that have missing information.
We use the following heuristics to merge two records that are estimated to be similar enough (e.g., greater than 80%). Given two references that are matched based on their composite keys, that implies they must have the authors with the same last name and the first letter of the first name, the same year of publication, the same volume number, and the same starting page. The next step is to compare the similarity between their source fields and determine whether they are similar enough, for example, whether Proc. Natl. Acad. Sci. USA is the same as the Proceedings of the National Academy of Sciences. We used the Jaro-Winkler distance to measure the similarity between two strings in terms of their edit distance. The Jaro distance between two words is the minimum number of singlecharacter changes to transform one word into the other (Jaro 1989) . Given two strings s 1 and s 2 , their Jaro-Winkler distance d is defined as d j ? l * p(1d j ), where d j is the Jaro distance for s 1 and s 2 , l is the length of common prefix at the start of the string up to four characters, and p is a constant scaling factor, which is usually set to 0.1. The Jaro-Winkler algorithm is used to measure the similarity between author names and between source names. The other three fields must match exactly to count as a match, namely the year of publication, the volume number, and the first page. The overall similarity is the average of the 5-field similarities. Two references are considered to be the variants of the same publication if the overall similarity is greater than 0.80. Figure 1 illustrates how two variants of Moed's 2010 article published in the Journal of Informetrics are consolidated into a unified form.
The 5054 publications in S B cited 163,108 references. The consolidation procedure reduces the references to 147,585 unique references. An overview of the method is shown in Fig. 2 . 
Garfield's publications (S A )
References cited most by Garfield
The publication that has been cited the most by Garfield himself is his 1972 article in Science on ranking journals based on citations. The second most cited one is his 1955 article in Science on citation indexing, the one about linking ideas through citation indexing. The third one is his 2006 publication in JAMA on the history and meaning of the journal impact factor. The fourth one is about journal impact factor. The fifth one is again on journal impact factor. See Table 3 for the top 10 references cited most by Garfield in S A . Table 4 summarizes the distributions of Garfield's publications in terms of the relatively recent Web of Science categories and the more traditional Subject Categories. Multidisciplinary Sciences is the largest group, followed by Social Sciences. The third group is much smaller, containing 227 articles in Information Science & Library Science. The fourth position is Computer Science, although there are discrepancies between the two categorization schemes. (2014). Dual-map overlays consist of a dual-map base and multiple layers of overlay visualization. The dual-map base consists of two maps of journals. On the left side is a map of source journals where an article is published. On the right side of the dual-map is a map of target journals to which references cited by the article were originally published. Given a set of publications, an overlay depicts all the resolvable references in the dataset and visualizes them as citation links from the source journal map to the target journal map. A resolvable reference means that it is published in a journal featured in the dual-map. If a cited reference is a book, then it cannot be resolved in the dual-map base and therefore it is not shown in such visualizations. One should bear in mind such omissions when interpreting these maps. To reduce the clutter caused by the excessive number of citation links across a dual-map overlay, citation links can be bundled together by aggregating links that are within the same source or target areas, e.g., within a radius of 500 pixels on the source journal map and the target journal map. Dual-map overlays highlight the predominating interdisciplinary citation links. Figure 3 shows a dual-map overlay of Garfield's publications in S A , i.e. the 1558 publications authored or co-authored by Garfield. Citation links are bundled using the z-score function in CiteSpace. Aggregated citation paths originated in the source journal map on the left and point to target journals in the target journal map on the right. The three major clusters of source journals are journals in molecular biology and immunology (yellow), medicine and clinical journals (green), psychology, education, and health journals (cyan). Each source journal group is connected to its own counterpart in the target journal map, except that the psychology, education, health group cross-references molecular biology and genetics journals as well as journals on systems and computing. Macroscopic views at this level show that Garfield published in journals of three disciplines, echoing the most frequent subject categories his publications belong to. In addition, the dual-map overlay also reveals which disciplinary areas he cited the most. The largest circle in the source journal map indicates that Garfield's many publications are in molecular biology and immunology journals. The largest circle in the target map is in the same disciplinary area. Figure 4 shows a dual-map overlay of Garfield's followers' 3596 publications in the Web of Science. We did not use the 5054 publications merged between the Web of Science and Scopus because (1) the overlapping records are already included in the Web of Science set and (2) Scopus-specific sources are not resolvable with the current base map. Generating a new base map that can accommodate both the Web of Science and Scopus would be useful but it is beyond the scope of the present study.
The four major trajectory bundles in the dual-map overlay of Garfield's publication also appear in his followers' dual-map overlay visualization. In addition, a new trajectory from the medicine and clinical source journals links to the molecular biology and genetics target journal group. Another difference is a linkage from the economics and politics source journals to target journals in the same discipline.
The largest circle on the left is centered at the source journal cluster labeled as psychology, education, health. This area contains information science and library science journals. The largest circle on the right is located at the areas of journals on computing and systems. As it appears, a major development has taken place in connections between information science and computing systems. Figure 5 shows the same dual-map overlay without bundling citation links. Links are colored by their source journal clusters' colors. 
Word-trees of author keywords
Given a set of publications containing keywords provided by their original authors, a wordtree visualization represents a hierarchy of keywords derived from their co-occurrence patterns. A hierarchy is generated using the method introduced by Tibély et al. (2013) . Figure 6 shows the distribution of distinct keywords (DE) in S A . Figure 7 shows a wordtree visualization derived from these author keywords.
HistCite is the leading keyword. The top branch contains the most salient path, which characterizes HistCite with keywords such as historiography, software, citation analysis, scientometrics, and science citation index. Two smaller branches are under the historiography: bibliometrics and science of science. Figure 8 is a hybrid word-tree containing both Web of Science categories with three or more counts and all the author keywords. The Multidisciplinary Sciences branches to two categories of information science and social sciences. 
Co-citation clusters (S A )
The current method of co-citation analysis was originated from Henry Small. If an article cites references S a and r b , then the two references are co-cited. A co-citation relation is local information without involving other nodes. However, it provides an effective mechanism to aggregate local relations and form a network that can represent a global structure. Table 5 lists the major co-citation clusters based on citations made by the 1558 publications in S A . Each area is a cluster within which member references are frequently cocited. Each cluster is labeled by title words in articles that cite them using log-likelihood ratio tests (LLR). For example, cluster labels such as #0 most-cited paper and #1 science citation index are phrases from the titles of Garfield's publications that cite these references. Cluster view visualization Figure 9 shows a cluster view of a co-citation network derived from the 1558 publications in S A The colors of these clusters represent the average year of publication. Red tree rings represent periods of citation burst. Figure 10 shows a timeline visualization of the co-citation clusters. Each timeline runs from the left to the right. Clusters are shown from the top downwards in the descending order of their size. The earliest co-citation cluster is Cluster #1 science citation index, starting from 1955. Around 1970, the major attention was shifted to Cluster #2, which in turn shifted to Cluster #3 after 1975. Cluster #3 contains a series of highly cited articles and sustained periods of citation burst. The formation of Cluster #0 was long before its sustained stream of highly cited articles between 1980s and 1990s. Table 6 shows the most cited references in Cluster #1. Garfield's 1955 publication in Science is a groundbreaking paper with a citation half-life of 33 years. Table 7 shows that the 1965 Science article by DJD Price was the highest cited article except those of Garfield's own ones. The Science article by Price has a citation half-life of 11 years. Garfield's own 1972 Science article has a citation half-life of 4 years. The impact of Garfield's work (S B )
Timeline visualization
The impact of Garfield's work is reflected by the breadth and the depth of 5054 publications in S B . The predominant document type of the 5054 publications is the Article type (Table 8 ). The second largest type is Editorial Material, followed by other types such as Review and Letter.
Most cited publications in S B
The most cited publications in S B are identified based on the TC field in the Web of Science or the counterpart field in Scopus, whichever is higher (Table 9 ). The top-10 list includes two of Garfield's own publications, the 2006 JAMA paper on the history and meaning of the journal impact factor and the 1999 paper, which is also on the topic of journal impact factor. A few publications on the list are beyond the information science 
Alluvial flow of author keywords
Alluvial flow is a visualization method of multiple networks over time or other sequences. We generated a network of co-occurring author keywords in each year in CiteSpace and imported these annual networks into an Alluvial Flow generator http://www.mapequation. org/apps/AlluvialGenerator.html. Flows such as impact factor, citation analysis, and citation analysis almost last the entire course between 2000 and 2017 ( Fig. 11 ). Altmetrics emerged in the networks since 2015. Figure 12 shows a few word-trees of author keywords generated with various frequency thresholds. The one at the upper left is the largest tree that contains all the author keywords available in the dataset. One can explore it interactively by zooming in and out, but it is too big to fit to a journal page. The next one consists of author keywords that appear in 20 or more publications in S B . The two further to the right are generated with threshold values of 30 and 40, respectively. The one at the bottom is generated with a frequency threshold of 100, which contains keywords that appear in 100 or more publications in the dataset. The most salient path is the one that moves along the top of the tree, connecting nursing, citation, indicator, bibliometrics, emergency medicine, and publishing. Another path branches off from indicator to include performance, h index, and trend, which clearly reveals the underlying theme.
Word-trees of author keywords

Co-citation clusters (S B )
We generated a co-citation network in CiteSpace with the 5054 publications in the impact set S B . The configuration of the network was based on the g-index with a scaling factor of Table 11 shows the co-citation clusters identified in the network. The largest 6 clusters all have more than 100 members each. Their silhouette scores indicate a high level of homogeneity within these clusters. In terms of the average age of a cluster, the oldest ones are Clusters #6 and #21. The most recent one is Cluster 2, with 2013 as the average year of publication. The average year of publication of Cluster #0, the largest one, is 2009.
The modularity of the network is 0.865, which means that the co-citation structure can be divided into relatively independent groups. Garfield's (2006) JAMA article is the most cited reference by the set of publications merged from the Web of Science and Scopus. The burst detection found 26 references with bursts that lasted for 6 years or longer. Figure 13 shows a visualization of the co-citation network. The color of a link represents the year when the co-citation relation was found for the first time in the dataset. In this visualization, co-citation links made in the earlier years are located towards the bottom, whereas connections made in more recent years are located towards the top. A node with one or more tree rings in red indicates that the corresponding reference has a period of citation burst. In this case, we focus on sustained citation bursts of 6 years or more. Several Garfield's publications have such citation bursts, which is not a surprise because the entire dataset was collected based on the idea of citation indexing with reference to Garfield's publications. Garfield's publications in 1996 Garfield's publications in , 1999 Garfield's publications in , 2006 Garfield's publications in , and 2007 are particularly highly cited by publications in S B . Next to Garfield_2006 is another highly influential article by Hirsch (2005) , which is the one that introduced the now widely used and, perhaps also misused, indicator of the performance and productivity of a scientist-the h-index. Table 12 lists references with citation bursts of 6 years or longer. The red bar represents the duration of a citation burst as well as the starting and ending years of its citation burst. Seventeen of the articles with a burst of this scale are Garfield's publications, including his publications in Current Contents in the 1980 s and Scientists in late 1990s. His 1996 article Fig. 13 A co-citation network generated by citations made by 5054 publications in S B Table 12 References with citation bursts for 6 years or longer
References
Year Strength Begin End 1980 GARFIELD E, 1980 , CURR CONTENTS, V0, P5 1980 28.3687 1980 1985 GARFIELD E, 1980 , LIBR QUART, V50, P40 1980 6.9036 1980 1985 GARFIELD E, 1982 , CURR CONTENTS, V0, P5 1982 22.6048 1982 1987 GARFIELD E, 1983 in British Medical Journal had a particularly strong citation burst with the title ''How can impact factors be improved?'' Garfield's next article with a strong burst is a brief 2-page review of journal impact factor published in the Canadian Medical Association Journal (Garfield 1999) , in which he acknowledged that the impact factor had become the subject of widespread controversy and that it might be misused in the wrong hands. Garfield reiterated his key points in 2006 in a 4-page commentary published in JAMA-the Journal of the American Medical Association. The 2006 article has the strongest citation burst and it currently has 2044 citations on Google Scholar. Apart from the citations on publications by Garfield, several publications by others have also attracted substantial citations and citation bursts as shown in shaded rows in Table 12. In particular, Small and Sweeney (1985) proposed two methodological improvements, namely, fractional citation counting and variable level clustering with a maximum cluster size limit. Fractional citation counting may reduce the bias toward fields such as biomedicine and biochemistry. Variable level clustering increases recalls in terms of the percentage of highly cited references included in clusters. They attributed the idea of comprehensive maps of science to Derek Price.
Moed and van Leeuwen (1996) published a correspondence in Nature with a provocative title: Impact factors can mislead. They started with a question on what counts as a citable item in the calculation of a journal's impact factor and ended with scenarios of how journal editors may boost their own journals' ranking regardless of any scholarly improvements.
Fassoulaki et al. (2000) published a commentary on how self-citations in six anesthesia journals affect the impact factor. In a news feature piece in Nature, Adam (2002) reported his interviews with bibliometric researchers concerning the misuse of citation analysis in the wrong hands and the ending of the ''romantic period'' for bibliometric research after Thomson bought Garfield's ISI. The ''romantic period'' refers to Garfield's personal interest and support in bibliometric research. Saha et al. (2003) reported a strong correlation between the journal impact factors of nine general medical journals and a survey of clinical practitioners and researchers on the quality of these journals.
Bensman (2007) Leydesdorff and Bornmann (2011) addressed how fractional counting of citations affects the impact factor.
In terms of the strength of citation burst, the research community has been extensively concerned with the fairness of making comparisons across disciplines (Small and Sweeney 1985; Waltman et al. 2011; Leydesdorff and Bornmann 2011) and improvements on the impact factor to make it a useful but not dangerous tool (Moed and van Leeuwen 1996; Adam 2002) .
In contrast to the controversies surrounding the use or misuse of the journal impact factor, the other fundamental invention of Garfield, citation indexing, has made profound and remarkably quiet advances. The only high-profile article on the Web of Science is the comparison made with PubMed, Scopus, and Google Scholar (Falagas et al. 2008) . As it appears, it is hard to measure the impact of the idea of science citation index, but the increasing number of large-scale resources of scientific publications provide citations as integral parts of their data and services, notably Microsoft Academic, ResearchGate, Google Scholar, Scopus, and, of course, the Web of Science. Figure 14 shows visualizations of the network of references cited by publications in S B . The one on the left highlights the temporal patterns of the growth of the network, from the earlier intellectual contributions made by Garfield in the blue and green regions, through the regions in yellow and eventually to the areas form by recent publications. The one on the right shows how much of the intellectual space is covered by the Web of Science (red) and what is added exclusively by Scopus (green).
Integrating citation data from multiple sources such as the Web of Science and Scopus raises practical issues. For example, if the same reference r appears in both sources, how should the two variants r a and r b be consolidated? If r a is cited by a set of publication C a (r a ) and r b is cited by a set of publication C b (r b ), then the best solution is to merge the two sets of publication S a (r a ) [ C b (r b ) for r. However, this seemingly simple operation requires an access to the entirety of both sources. The green area reminds us the coverage that may be missed out if we do not incorporate records from Scopus in this particular case. In general, it is likely that it will take both sources to achieve an adequate coverage of a topic of interest. Such issues should be addressed in further studies. Figure 15 shows an overview of the temporal patterns of major clusters formed by references cited in publications in S B . Each cluster is shown as a stream from left to right. The overall color of a cluster represents the time when co-citation connections were made for the first time in the dataset. For example, the cluster on the top contains co-citation arcs in yellow and orange, which correspond to the most recent years in the time frame. The color patterns indicate a few streams in earlier years with references of strong citation bursts (tree rings in red). The earliest one is Cluster #4, followed by a small cluster Cluster 24 located near the bottom, then Cluster #3, and Cluster #1. Clusters emerged in the middle of the time frame include Cluster #5, #9, and #17. In particular, the largest circle of Garfield's (2006) JAMA article appeared in #9, which is labeled as citation analysis. There are four clusters that are currently active, namely, #0 on fractional counting, #2 comprehensive review, #7 PhD student, and #11 science citation index. Cluster labels are chosen from titles of articles that cite members of corresponding clusters. In the following discussion, we will highlight major contributors in the four currently active areas of research.
Timeline visualization
Clusters
Two of the largest currently active clusters are reviewed as follows, namely, Clusters #0 and #2. In particular, we decompose Cluster #0 further for two more levels below the current level, i.e. Levels 1-2-3.
Cluster #0: fractional counting
The major theme in citing articles of this cluster is fractional counting and normalization. As shown in the timeline visualization, this cluster spans over 10 years since 2004. The three articles that cited the most members of this cluster are as follows. The first two from Leydesdorff in 2011 are about normalizing citation counts.
1. 0.06 Leydesdorff, L (2011) how to evaluate universities in terms of their relative citation impacts: fractional counting of citations and the normalization of differences among disciplines http://dx.doi.org/10.1002/asi.21511. 2. 0.06 Leydesdorff, L (2011) turning the tables on citation analysis one more time:
principles for comparing sets of documents http://dx.doi.org/10.1002/asi.21534. 3. 0.06 Vanclay, JK (2012) impact factor: outdated artefact or stepping-stone to journal certification? http://dx.doi.org/10.1007/s11192-011-0561-0. Table 13 lists some of the most cited references in Cluster #0. We have seen three of them with citation bursts over 6 years, shown in shaded rows in the table. The cluster at this level of granularity, however, contains a considerable amount of heterogeneity, which means they may represent different semantic groupings even though they share similar citation patterns. We need to decompose the cluster for further inspection.
The same visual analytic procedure can be repeatedly applied to each individual cluster. Figure 16 shows a timeline visualization of Cluster #0. We can analyze Cluster #0 at the level of a finer granularity. Now we can see that the decade-long Level 1 Cluster #0 consists of several component streams at Level 2. We may use the notation of #C1#C2 for a Level-1 cluster C1's Level-2 cluster C2. Thus, #0#0 refers to the first sub-cluster of the parent Cluster #0. The parent cluster ID can be omitted if it is clear in context.
The large red arrow in Fig. 16 illustrates the relationship between a cluster's labels in a particular year and the cited references in the cluster. The cluster #0#0 is labeled as #0 This visualization reveals a rich set of information. For example, which sub-cluster includes Garfield's (2006) JAMA paper? Which sub-cluster contains the h-index paper? Which sub-cluster has the same label as the parent cluster?
The two most recent sub-clusters of Cluster #0 are shown in Fig. 17 , #0#7 and #0#8. Repeatedly applying the same procedure to a subset of the current data is a technique known as drill-down in information visualization. It is particularly useful for the analyst to explore a cluster with a relatively high degree of heterogeneity, which can be measured in terms of its silhouette score. Cluster #0's silhouette score is 0.742, whereas Cluster #1 has 0.800 and Cluster #2 has 0.909. The heterogeneity of a cluster suggests it may have a complex structure at a deeper level.
We decomposed the Level 2 cluster #0, i.e. #0#0, one more time and obtained four Level 3 clusters. The silhouette score of each cluster is very high, suggesting a high-level of homogeneity (Table 14) . A timeline view of the Level 3 clusters is shown in Fig. 18 .
Cluster #2: measuring research impact
The second currently active thread is Cluster #2. The log-likelihood ratio algorithm labels it as comprehensive review. After reviewing its content, its common theme is about measuring research impact, although the algorithm is right in that two of the top three representative articles are literature reviews. The timeline visualization shows that this is a relatively young thread. The three most representative articles are published in 2015 or 2016, including one article on altmetrics. Fig. 17 The most recent sub-clusters of Cluster #0 
Discussions and conclusions
As we integrated datasets from the Web of Science and Scopus, we observed that records from Scopus appear to have a slightly higher level of citation counts. We divided articles into several bins of the same citation counts. In particular, W5 is the set of articles from the Web of Science with citations in the range between 5 and 10 (excluding the highest value in each bin). Figure 19 shows that Wk B Sk for k = 5, 10, 20, and 30. Then citation counts from the two sources converge. Further investigations are necessary so that data fusion with multiple sources may consider appropriate normalization procedures as well as field normalization.
In summary, we have visualized and analyzed two datasets S A and S B . One features Garfield's publications and the other contains publications that cited Garfield's publications. The breadth and depth of Garfield's scholarly impact is demonstrated based on bibliographic records from two major sources, the Web of Science and Scopus. We pay a tribute to Garfield with visual analytic studies of structural and temporal patterns revealed through citation-related connections. Without his invention of citation indexing, none of the studied demonstrated here would be possible. Indeed, much of the research that has built on citations and the rich information that one can learn from citation behaviors may not become the reality. We might save our worries about tools that may fall into the wrong hands, but we may not have valuable tools for the right hands either.
